.. :2- xperimental data.
It goes beyond the usual pseudopotential approach through the requirement of self-consistency. We treat here the case of a silicon diatomic molecule both to illustrat~ the method and to demonstrate the interesting results which are possible for molecular calculations.-This is the first molecular d~lculation using self-consistent pseudopotentials to our knowledge. _-an e ec ron1c.c arge ens1t1es. In all of these cases the systems considered were assumed infinite and periodic~ and pos$ible £xtensions of the method to local configurations in solids e.g. localized impurities or solids ~ithout 5 long range periodicity were not obvious.· An attempt was made to use the pseudopotential scheme to study amorphous materials.
Complex cells were repeated infinitely and the effects of the complexity of the unit cells on the calculated
properties yielded information about how the prominent features of the structure (e.g. even and odd numbered rings of bonds) influenced the properties (e.g. electronic density of states). A true amorphous system was not generated, but information gained from studies of increasingly complex cells was extremely useful.
The method discussed here· is somewhat related to the above scheme, and it is directly applicable to the specific problem of interest. The method is straightforward and initially involves putting the local configuration of interest into the structure factor. ·In the pseudopotential formulation, the cirystalline pseudopotential form factors, V(G), are written in terms of atomic potential form factors, V (G) through the structure factor S(G), a -
where .G lS a reciprocal lattice vector and T are the basis -a Vectors to the various atoms in a primitive ?ell. The basic scheme is to include in S(G) the essential features of the local configuration. In the case of a molecule, the structure factor can be constructed to create a cell with a molecule and sufficient empty space around the molecule to provide isolation from the next molecule when the cell is repeated. potential which pulls the charge back to the molecule or surface in the appropriate way. Also, the self-consistent -.
screening potential has to be completely general and is not nec~s~ar-ily a superposition of atomic potentials.
In the scheme described above, the configuration of defined by (4) as well as an exchange potential given by (5) were computed. The use of a statistical exchange of the V (G). The sum of these potentials was added to a bare ion Xpseudopotential Obtained from ~mpirical atomic calculations. 2 The local 11 0n the Fermi sphere 11 approximation to this orginally non-local potential was used and a continuous curve of the form (6) was fit to the results. ·The use of this atomic iOnic potential in the molecular case is also justified by the following. If this potential is used in a self-consistent band structure calculation for the crystal excellent results are obtained.
In fact the final self-consistent crystal potential is essentially identical to the original empirical crystalline potential (Fig. 1 ).
The computational procedure was then continued until self-consistency was reached. The process of reaching selfconsistency can be speeded up by interpoiating appropriately between output and input potentials for consecutive steps. This would leave the molecule in a singlet ground state configuration. Experimentally 7 the ground state is found (Hund's rule) to be a E triplet,;\which in our model is quasi-degenerate with the singlet state. The inclusion of spin-dependent correlation potentials would be necessary to distinguish between the two states. The total charge density correspending to the four occupied levels is presented in Fig. 3; 'the units of the indicated values are the same as in Fig. 2 . ..
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